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ABSTRACT
We study the X-ray emission of a representative sample of 27 local luminous infrared galaxies (LIRGs). The median IR
luminosity of our sample is logLIR/L⊙ = 11.2, thus the low-luminosity end of the LIRG class is well represented. We
used new XMM-Newton data as well as Chandra and XMM-Newton archive data. The soft X-ray (0.5-2 keV) emission
of most of the galaxies (>80%), including LIRGs hosting a Seyfert 2 nucleus, is dominated by star-formation related
processes. These LIRGs follow the star-formation rate (SFR) versus soft X-ray luminosity correlation observed in local
starbursts. We find that ∼15% of the non-Seyfert LIRGs (3 out of 20) have an excess hard X-ray emission relative to
that expected from star-formation that might indicate the presence of an obscured AGN. The rest of the non-Seyfert
LIRGs follow the SFR versus hard X-ray (2-10 keV) luminosity correlation of local starbursts. The non-detection of the
6.4 keV FeKα emission line in the non-Seyfert LIRGs allows us to put an upper limit to the bolometric luminosity of
an obscured AGN, Lbol <10
43 erg s−1. That is, in these galaxies, if they hosted a low luminosity AGN, its contribution
to total luminosity would be less than 10%. Finally we estimate that the AGN contribution to the total luminosity for
our sample of local LIRGs is between 7% and 10%.
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1. Introduction
Luminous infrared galaxies (LIRGs) are galaxies with in-
frared (IR) luminosities (LIR=L8−1000µm) from 10
11 to
1012L⊙. They are powered by star-formation and/or an
active galactic nucleus (AGN; see Sanders & Mirabel 1996
for a review). Together with ultraluminous infrared galax-
ies (ULIRGs; LIR > 10
12 L⊙), they are the major con-
tributors to the star-formation rate (SFR) density at
z∼ 1–2 (Pe´rez-Gonza´lez et al. 2005; Le Floc’h et al. 2005;
Caputi et al. 2007).
The star-formation in local LIRGs is distributed over
few kpc scales (Alonso-Herrero et al. 2006; Hattori et al.
2004; Rodr´ıguez-Zaur´ın et al. 2011). This is similar
to local starbursts and z∼ 2 infrared bright galaxies
(Daddi et al. 2007; Rigby et al. 2008; Farrah et al. 2008;
Rujopakarn et al. 2010), but at odds with local ULIRGs
where most of the activity is taking place in very compact
regions (the central kpc). Similarly, the fraction of AGN
dominated local ULIRGs increases with increasing IR lumi-
nosity. About 40% of the ULIRGs are classified as Seyfert
(Veilleux et al. 1995; Kim et al. 1998). Thus the study of
local LIRGs is motivated as they might be scaled-down ver-
sions of more distant IR bright galaxies.
The X-ray emission of starburst galaxies is mainly pro-
duced by high-mass X-ray binaries (HMXB), supernova
remnants (SNR), O stars and hot gas heated by the en-
ergy originated in supernova explosions (Persic & Rephaeli
2002; Fabbiano 2006). The hard X-ray (2–10keV) emis-
sion is dominated by HMXB, although the contribution of
hot gas (kT > 3 keV) heated by supernovae may domi-
nate the hard X-ray emission for the most intense star-
bursts (Strickland & Heckman 2009; Iwasawa et al. 2011;
Colina et al. 2011, submitted). On the other hand, the soft
part of the X-ray emission (0.5–2keV) emission is mostly
produced by gas at kT ∼ 0.3–0.7 keV.
It has been shown that there is a good correlation
between the hard X-ray luminosity and the SFR for lo-
cal starbursts (e.g., Ranalli et al. 2003; Grimm et al. 2003;
Persic et al. 2004). However, the contribution to the hard
X-ray luminosity from low-mass X-ray binaries (LMXB),
which is not related to the current SFR, is not always neg-
ligible. For instance Colbert et al. (2004) and Lehmer et al.
(2010) estimated that the LMXB contribution is important
for galaxies with low SFR/M⋆. It should be noted that the
X-ray emission of a star-formation burst is delayed with re-
spect to other SFR tracer. Thus, an evolution with time is
expected in the X-ray emission of the star-forming galaxies
(Mas-Hesse et al. 2008; Rosa Gonza´lez et al. 2009). This
evolution might explain part of the scatter in the X-ray
luminosity vs. SFR correlations.
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According to their IR luminosity, the SFR of LIRGs
ranges from ∼20 to 200M⊙ yr
−1 (Kennicutt 1998).
Therefore strong X-ray emission (∼1041 erg s−1) associated
to star-formation is expected from these galaxies. The AGN
contribution to the X-ray emission of LIRGs is expected to
be low. Pure Seyfert AGN emission is detected in ∼15%
of the LIRGs using optical spectroscopy (Kim et al. 1998),
however a dust embedded AGN could be present in some
of the them. Thanks to X-ray observations of LIRGs we are
be able to determine whether an obscured AGN is present,
or, in the case of non-detection, set an upper limit to the
AGN contribution.
Previous studies of the X-ray emission produced by star-
formation have been focused on nearby starbursts (e.g.,
Ptak et al. 1999; Jime´nez-Bailo´n et al. 2003; Ranalli et al.
2003; Grimm et al. 2003; Persic et al. 2004; Colbert et al.
2004) or ULIRGs (e.g., Rieke 1988; Perez-Olea & Colina
1996; Ptak et al. 2003; Franceschini et al. 2003; Teng et al.
2005; Teng & Veilleux 2010).
Although there is a number of papers on individ-
ual LIRGs (e.g., Lira et al. 2002; Blustin et al. 2003;
Jenkins et al. 2004, 2005; Levenson et al. 2004, 2005;
Miniutti et al. 2007), there are few studies of the X-ray
properties of LIRGs as a class (e.g., Risaliti et al. 2000;
Lehmer et al. 2010; Iwasawa et al. 2011). Risaliti et al.
(2000) studied a sample of 78 objects, biased towards
Seyfert LIRGs (90%). They concluded that many of the
sources might be completely Compton thick (NH > 10
25).
Using an unbiased subsample of LIRGs they found that
∼60% of the LIRGs host AGN although they are weak or
heavily obscured. More recently, Iwasawa et al. (2011) car-
ried out a study of the most luminous local IR galaxies (11.7
< logLIR/L⊙ < 12.5). About 50% of them are likely to con-
tain an AGN, increasing the fraction of AGN sources with
increasing LIR. They found that their non-AGN galaxies
have lower hard X-ray luminosities than that expected from
the local starbursts hard X-ray vs. SFR correlation. They
suggested that the hard X-ray emission of these (U)LIRGs
is dominated by hot gas and not by HMXB as in local star-
bursts.
In this paper we present a study of a sample of 27 local
LIRGs (median logLIR/L⊙ = 11.2) observed with XMM-
Newton and Chandra. The sample is described in Sect. 2.
In Sect. 3 we describe the X-ray data reduction. In Sects.
4 and 5 we present the spatial and spectral analysis of the
X-ray data. The properties of the X-ray emission produced
by star-formation and AGN related processes are discussed
in Sects. 6 and 7 respectively. Sect. 8 summarizes the main
conclusions.
Throughout this paper we assume a flat cosmology with
H0 = 70 km s
−1Mpc−1, ΩM = 0.3 and ΩΛ = 0.7.
2. The sample of LIRGs
2.1. Definition of the sample
Our sample of LIRGs contains 27 galaxies with XMM-
Newton or Chandra data drawn from the volume lim-
ited sample of local LIRGs (40Mpc < d < 75Mpc)
of Alonso-Herrero et al. (2006). The Alonso-Herrero et al.
(2006) sample was selected from the the IRAS Revised
Bright Galaxy Sample (RBGS; Sanders et al. 2003)1 to
have 2750 < vhel (km s
−1) < 5200 and 11.05 < log LIR/
L⊙ < 11.88. Such criteria were imposed to allow for
narrow-band observations of the Paα emission line with
the NICMOS instrument on the HST. Further details about
the parent sample are given in Alonso-Herrero et al. (2006).
Additionally we extended the Alonso-Herrero et al. (2006)
sample to include all the galaxies in the IRAS RBGS
that fulfill their selection criteria but were not included in
their sample (mostly optically classified Seyfert galaxies,
see Alonso-Herrero et al. 2011, in press).
In Fig. 1 we compare the LIR distribution (adapted to
the cosmology used throughout this paper) of our sample
with that of the extended Alonso-Herrero et al. (2006) sam-
ple. The Kolmogorov-Smirnov two-sample test shows that
it is not possible to reject (p> 0.49) that both samples come
from the same distribution. According to their nuclear ac-
tivity classification2, 44±10% and 46±13% are H II-type in
the parent sample and in our sample respectively. On the
other hand, Seyfert galaxies represent 22±7% of the par-
ent sample and 27±10% of our sample. That is, our X-ray
sample is not biased towards active galaxies. Thus these
27 galaxies constitute a representative sample of the local
LIRGs in terms of both IR luminosity and nuclear activity.
The median logLIR/L⊙ of the sample is 11.2, thus low lu-
minosity LIRGs are well represented. The selected galaxies
are listed in Table 1.
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Fig. 1. Comparison of the cumulative galaxy distributions
as a function of the LIR of our sample of LIRGs and the
extended parent sample (AAH06; see Sect. 2.1).
2.2. Star-formation rate and stellar mass
The IR luminosity in bright-IR galaxies is produced by dust
heated by massive young stars. The dust absorbs a large
1 The IRAS RBGS is a complete flux limited sample including
all the extragalactic objects with a 60µm flux density greater
than 5.25 Jy and Galactic latitude |b|> 5 ◦.
2 In Appendix B we present the optical activity classification
of 7 LIRGs with no classification published. This new classifica-
tion is based on the optical spectra available in the six-degree
Field Galaxy Survey (6dFGS) database.
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Table 1. The sample of local LIRGs
Galaxy Name IRAS Name vhel
a
DL Nuclear Ref.
c log LIR
d Ref.e X-ray data
(km s−1) (Mpc) Spect. classb (L⊙)
NGC23 IRAS F00073+2538 4478 64.7 composite 1 11.1 9 Lehmer et al. (2010)
NGC1614 IRAS F04315–0840 4778 69.1 composite 11 11.7 9 XMM-Newton (archive)
NGC2369 IRAS F07160–6215 3196 46.0 composite 8 11.1 9 XMM-Newton (our data)
NGC3110 IRAS F10015–0614 5014 72.6 H II 11 11.3 9 ”
NGC3256 IRAS F10257–4339 2790 40.1 H II 5 11.7 9 XMM-Newton (archive)
NGC3690∗ IRAS F11257+5850 3057 44.0 Sy2 4 11.4 2 ”
IC694∗ ” 3098 44.6 LINER 4 11.6 2 ”
ESO320-G030 IRAS F11506–3851 3038 43.7 H II 8 11.2 9 XMM-Newton (our data)
IC860 IRAS F13126+2453 3859 55.7 · · · 1 11.1 9 Lehmer et al. (2010)
MCG−03-34-064 IRAS F13197–1627 5009 72.5 Sy2 11 11.1 10 XMM-Newton (archive)
NGC5135 IRAS F13229–2934 4074 58.8 Sy2 11 11.3 9 Levenson et al. (2004)
NGC5653 IRAS F14280+3126 3513 50.7 H II 11 11.0 9 Lehmer et al. (2010)
NGC5734 IRAS F14423–2039 3998 57.7 composite 8 11.0 10 XMM-Newton (our data)
NGC5743 IRAS F14423–2042 4121 59.5 H II 8 10.9 10 ”
IC4518W∗ IRAS F14544–4255 4720 68.2 Sy2 3 11.2 8 XMM-Newton (archive)
Zw049.057 IRAS F15107+0724 3858 55.7 composite 7 11.2 9 Lehmer et al. (2010)
IC4686∗ IRAS F18093–5744 4948 71.6 H II 11 11.0 8 XMM-Newton (our data)
IC4687∗ ” 5105 73.9 H II 11 11.3 8 ”
IC4734 IRAS F18341–5732 4623 66.8 H II 3 11.3 9 ”
MCG+04-48-002 IRAS 20264+2533 4199 60.6 H II 6 11.0 10 XMM-Newton (archive)
NGC7130 IRAS F21453–3511 4837 70.0 Sy2 11 11.4 9 Levenson et al. (2005)
IC5179 IRAS F22132–3705 3363 48.5 H II 11 11.2 9 XMM-Newton (our data)
NGC7469 IRAS F23007+0836 4840 70.0 Sy1 1 11.6 9 XMM-Newton (archive)
NGC7679 IRAS 23262+0314 5162 74.7 Sy1 11 11.1 9 ”
NGC7769 IRAS F23485+1952 4158 60.0 composite 7 10.9 10 ”
NGC7770∗ IRAS F23488+1949 4128 59.6 H II 11 10.8 8 ”
NGC7771∗ ” 4302 62.1 H II 1 11.3 8 ”
Notes.
(a) Heliocentric velocity from Spitzer spectra (Pereira-Santaella et al. 2010). (b) Classification of the nuclear activity
from optical spectroscopy. Galaxies classified as composite are likely to be a combination of AGN activity and star-formation.
(c) Reference for the optical spectroscopic data. (d) Logarithm of the IR luminosity, L(8–1000 µm), calculated as defined in
Sanders & Mirabel (1996). (e) Reference for the IR luminosity (adapted to the cosmology used throughout this paper). (∗) The
logarithm of the integrated LIR in solar units of these systems are: NGC 3690+ IC 694, 11.8; IC 4518W+ IC 4518E, 11.2;
IC 4686+ IC 4687, 11.5; and NGC 7770+NGC7771, 11.4.
References. (1) Alonso-Herrero et al. (2009a); (2) Charmandaris et al. (2002); (3) Corbett et al. (2003); (4) Garc´ıa-Mar´ın et al.
(2006); (5) L´ıpari et al. (2000); (6) Masetti et al. (2006); (7) Parra et al. (2010); (8) This work; (9) Sanders et al. (2003); (10)
Surace et al. (2004); (11) Yuan et al. (2010).
fraction (>90% for LIRGs, Buat et al. 2007) of the UV
light from these stars that is re-emitted as thermal radiation
in the mid- and far-IR. Thus the IR luminosity is a good
tracer of the SFR for these galaxies (see Kennicutt 1998
for review). We note, however, that the far-IR luminosity
may also include the emission of a cooler dust component
heated by the interstellar radiation field not be related with
the current SFR. To minimize the contribution of the cooler
dust we used the Spitzer/MIPS 24µm luminosity instead of
the LIR, which includes longer wavelengths, to estimate the
SFR. Moreover, the better spatial resolution of the Spitzer/
MIPS 24µm data, compared with IRAS, allowed us to sep-
arate the individual galaxy emission of interacting systems.
We used the SFR calibration of Rieke et al. (2009):
SFRIR (M⊙ yr
−1) = 7.8× 10−10L24µm (L⊙)
×{7.76× 10−11L24µm (L⊙)}
0.048. (1)
For this calibration Rieke et al. (2009) assumed a
Kroupa (2001) initial mass function (IMF) over the stel-
lar mass range from 0.08 to 100 M⊙. A correction to ac-
count for the leaked UV light from young stars is included
in the calibration. Alonso-Herrero et al. (2011, in press) es-
timated the AGN contribution at 24µm in these LIRGs.
They decomposed their Spitzer/IRS mid-IR spectra into
AGN and starburst components using clumpy torus mod-
els and star-forming galaxy templates. We used these esti-
mations to subtract the AGN luminosity at 24µm before
calculating the obscured SFR. The AGN fractions and the
calculated SFRIR are listed in Table 2.
Some galaxies were observed with the XMM-Newton
optical monitor (OM) in the UVW2 band (2120 A˚, see
Sect. 3). We corrected the observed UV flux from Galactic
extinction using the Fitzpatrick (1999) extinction curve
and the Galactic color excess, E(B–V ), from the NASA
Extragalactic Database (NED). For these galaxies we com-
pared the SFR derived from the UV continuum with that
from the IR luminosity. Assuming a flat continuum in Lν in
the UV range (1500–2800A˚) and scaling to a Kroupa IMF
the SFRUV can be expressed as:
SFRUV (M⊙ yr
−1) = 9.2× 10−29Lν (erg s
−1 Hz−1) (2)
where Lν is the UV continuum luminosity (Kennicutt
1998).
The SFRIR/SFRUV ratio ranges from ∼2–115 for our
LIRGs. This corresponds to an UV leakage from 1 to 30%
of the total luminosity if the IR and the UV emissions trace
the same stellar populations. This is in good agreement
with the ratio expected for LIRGs (Buat et al. 2007).
To estimate the stellar mass of the galaxies we used the
integrated J-, H-, and K-band near-IR magnitudes from
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the Two Micron All Sky Survey (2MASS) large galaxy at-
las (Jarrett et al. 2003) and the 2MASS extended source
catalog (Jarrett et al. 2000). The near-IR emission is well
suited to calculate the stellar mass since the contribution
from young stars is usually negligible and the scatter in the
mass-to-light ratio is relatively small (∼0.4 dex). Following
Bell & de Jong (2001) we used the K-band luminosity to-
gether with the J −H color to obtain the stellar mass. We
adjusted the normalization for the Kroupa IMF:
log
M⋆
M⊙
= log
LK
L⊙,K
+ 1.44(J −H)− 1.17 (3)
The SFRs, IR/UV ratios and stellar masses for our sam-
ple are listed in Table 2.
3. X-ray observations
3.1. XMM-Newton observations and data reduction
We obtained new XMM-Newton data for 9 galaxies (pro-
posals 55046 and 60160). We also found in the XMM-
Newton archive X-ray data for 12 more galaxies. Our pro-
posal was focused on galaxies classified as H II galaxies
based on their optical spectra whereas most of the galaxies
from the archive are active galaxies (Seyfert and LINER
activity). The observation IDs and effective exposure times
are shown in Table 3. The analysis of the Chandra X-ray
data for the other 6 galaxies in our sample is taken from
the literature (see Sect. 3.2).
We reduced the observation data files (ODF) using SAS
version 10.0.2. First we used the SAS epproc and emproc
tasks to generate the calibrated events files from the raw
European Photon Imaging Camera (EPIC) pn and MOS
data respectively. A circular aperture (d∼15 ′′ depending
on the source extent) was used to extract the spectra of the
galaxies. We estimated the backgrounds from a region close
to the source in the same CCD and free of any contaminat-
ing source. The background regions were ∼4–5 times larger
than the aperture used for the galaxies. Then we created
the background and background+source light-curves that
we used to filter out high-background periods. The back-
ground count rate threshold was chosen to just filter out
those high-background periods that would not increase the
signal-to-noise (S/N) ratio of the source (see Appendix A
of Piconcelli et al. 2004). For the pn data we considered
single and double pixel events (PATTERN ≤ 4). We re-
jected events close to the CCD borders or to bad pixels
(#XMMEA EP). For the MOS we also considered triple
and quadruple pixel events (PATTERN ≤ 12) and we used
the recommended expression (#XMMEA EM) to filter the
events. The energy redistribution matrices were generated
with rmfgen and arfgen. We rebinned the combined MOS
spectrum (MOS1 and MOS2 spectra) and the pn spectrum
in order to have at least 20 counts in each spectral bin using
grppha. Likewise we obtained X-ray images of the galaxies
using the pn calibrated event files.
Due to the low number of counts in the Reflection
Grating Spectrometer (RGS) data we could only extract
the RGS spectra for few galaxies: NGC 3256, MCG−03-34-
064, and NGC 7469. The spectra of MCG−03-34-064 and
NGC 7469 are analyzed in detail by Miniutti et al. (2007)
and Blustin et al. (2003), respectively.
Simultaneously with the X-ray observations we ob-
tained optical and UV images of the galaxies using the
XMM-Newton/OM with all the available filters (V 5430 A˚,
B 4500 A˚, U 3440 A˚, UVW1 2910 A˚, UVM2 2310 A˚, and
UVW2 2120 A˚). We used the SAS script omichain for the
data reduction. This script processes the OM ODF files and
produces calibrated images taking into account the tele-
scope tracking information and the flat fielding corrections.
For some filters there was more than one exposure that we
combined to increase the S/N ratio. Then we used aperture
photometry to measure the fluxes. We estimated the back-
ground from the image with special care to avoid artifacts
in the images such as the smoke rings, etc. (see the XMM-
Newton/OM Calibration Status document). We corrected
the count rate for the detector sensitivity degradation and
coincidence loss. The count rates were converted into Jy
using the conversion factors given in XMM-Newton/OM
Calibration Status document.
Table 3. Log of the XMM-Newton observations
Galaxy Name Obs. ID. Exposurea
(ks)
NGC1614 0150480201 21.8
NGC2369 0550460101 24.3
NGC3110 0550460201 15.9
NGC3256 0300430101 125.6
NGC3690/IC694 0112810101 17.1
ESO320-G030 0550460301 23.9
MCG−03-34-064 0206580101 42.7
” 0506340101b · · ·
NGC5734/5743 0601600101 27.0
IC4518W 0406410101 22.8
IC4686/4687 0550460601 26.5
IC4734 0550460701 18.6
MCG+04-48-002 0312192301 11.4
IC5179 0550460801 22.0
NGC7469 0112170301 23.0
NGC7679 0301150501 17.9
NGC7769/7770/7771 0093190301 30.0
Notes.
(a) Exposure time after flare removal. (b) Only used for
the XMM-Newton/OM UVW2 image of MCG−03-34-064.
3.2. Chandra data from the literature
We found in the literature (Levenson et al. 2004, 2005;
Lehmer et al. 2010) Chandra X-ray data for another 6
galaxies (two Seyfert 2 galaxies, two composite, one H II,
and one without classification; see Table 1). For these galax-
ies we used the published galaxy integrated X-ray fluxes
(Table 4).
4. Spatial analysis of the XMM-Newton data
4.1. Morphologies
We obtained X-ray images of these LIRGs as described
in Sect. 3.1. Fig. 2 shows the soft (0.5–2keV) and hard
(2–7 keV) X-ray images for the LIRGs together with the
XMM-Newton/OM UV (2120 A˚) and near-IR Spitzer/
IRAC (3.6µm) images for comparison.
In our sample of LIRGs we find different X-ray emis-
sion morphologies. Most of them are dominated by the nu-
clear emission and appear as point like (or slightly resolved)
4
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Table 2. Galaxy Properties
Galaxy Name E(B–V )a FUV
b F corrUV
c J −Hd FK
e F24µm
f logM⋆
g CAGN24µm
h SFRIR
i SFRIR
SFRUV
j
(mag) (mJy) (mJy) (mag) (mJy) (Jy) (M⊙) (M⊙ yr
−1)
NGC23 0.04 · · · · · · 0.70 175 0.89 11.2 0.05 11 · · ·
NGC1614 0.15 0.93 3.5 0.77 101 5.64 11.1 · · · 92 49
NGC2369 0.11 0.15 0.4 0.78 253 1.83 11.2 0.08 12 115
NGC3110 0.04 2.58 3.5 0.73 96 0.98 11.1 <0.04 15 8
NGC3256 0.12 5.12 14.8 0.74 360 12.86 11.1 <0.04 69 26
NGC3690 0.02 · · · · · · 0.76 116 8.19 10.8 0.28 38 · · ·
IC694 0.02 · · · · · · 0.79 96 8.85 10.7 <0.02 59 · · ·
ESO320-G030 0.13 0.33 1.0 0.78 129 1.72 10.9 <0.04 10 46
IC860 0.01 · · · · · · 0.75 36 0.85 10.4 <0.05 8 · · ·
MCG−03-34-064 0.08 · · · · · · 0.73 77 2.45 11.0 0.85 7 · · ·
NGC5135 0.06 · · · · · · 0.76 177 2.02 11.2 0.14 19 · · ·
NGC5653 0.01 · · · · · · 0.70 132 1.11 10.9 0.04 9 · · ·
NGC5734 0.10 0.41 0.9 0.78 140 0.59 11.1 <0.04 6 17
NGC5743 0.10 1.79 4.1 0.73 75 0.43 10.8 0.15 4 2
IC4518W 0.16 · · · · · · 0.78 44 1.00 10.8 0.67 5 · · ·
Zw049.057 0.04 · · · · · · 0.80 22 0.52 10.3 <0.05 5 · · ·
IC4686 0.10 0.76 1.8 0.70 15 0.86 10.2 · · · 13 13
IC4687 0.10 0.65 1.6 0.75 61 1.66 10.9 0.05 29 30
IC4734 0.09 0.39 0.9 0.78 77 1.03 11.0 <0.05 15 33
MCG+04-48-002 0.45 · · · · · · 0.92 71 0.69 11.1 0.41 5 · · ·
NGC7130 0.03 · · · · · · 0.69 125 1.88 11.1 0.15 25 · · ·
IC5179 0.02 5.12 6.1 0.71 222 1.90 11.1 <0.03 14 9
NGC7469 0.07 · · · · · · 0.81 166 4.80 11.4 0.40 48 · · ·
NGC7679 0.07 · · · · · · 0.63 60 0.85 10.8 0.23 11 · · ·
NGC7769 0.07 · · · · · · 0.70 162 0.50 11.1 0.10 5 · · ·
NGC7770 0.07 · · · · · · 0.71 28 0.40 10.3 0.27 3 · · ·
NGC7771 0.07 · · · · · · 0.76 287 1.29 11.5 0.04 15 · · ·
Notes.
(a) Galactic color excess E(B–V ) from NED. (b) Observed XMM-Newton/OM UVW2 (2120 A˚) flux. (c) XMM-Newton/OM
UVW2 (2120 A˚) flux corrected for Galactic extinction using the Fitzpatrick (1999) extinction curve. (d) J − H color calculated
from the 2MASS magnitudes. (e) Integrated K-band flux from 2MASS. (f) Spitzer/MIPS 24µm flux from Pereira-Santaella et al.
(2011, in preparation). (g) Logarithm of the stellar mass obtained from the K-band luminosity and the J − H color. (h) AGN
fractional contribution to the total 24µm emission from Alonso-Herrero et al. (2011, in press). (i) Star-formation rate based on
the 24µm luminosity. The AGN contribution to the 24µm luminosity is subtracted. (j) Ratio of the star-formation rates estimated
from the IR and UV luminosities.
Table 4. Galaxies taken from the literature.
Galaxy Name L0.5−2 keV L2−10 keV Ref.
(1040 erg s−1)
NGC23 6.7 4.2 1
IC860 0.3 1.1 1
MCG−03-34-064⋆ 26.6 111 2
NGC5135 17.9 18.9 3
NGC5653 2.8 1.5 1
Zw049.057 0.2 1.5 1
NGC7130 15.4 15.4 4
NGC7469⋆ 1630 1690 5
Notes. 0.5–2 keV and 2–10 keV absorption corrected luminosi-
ties of the galaxies taken from the literature adapted to the
cosmology used throughout this paper. (⋆) For the galaxies with
XMM-Newton observations we fitted the data using the best-fit
model given in the corresponding reference.
References. (1) Lehmer et al. 2010; (2) Miniutti et al.
2007; (3) Levenson et al. 2004; (4) Levenson et al. 2005; (5)
Blustin et al. 2003.
sources at the XMM-Newton angular resolution, 4–6 arcsec.
At the distances of these LIRGs this corresponds to 0.9–
2 kpc. Six galaxies (NGC 3110, NGC 3256, NGC 5734,
NGC 5743, IC 5179, and NGC 7769), ∼20% of the sample,
show extended soft X-ray emission. This indicates that at
least some of the sources responsible for the origin of the X-
ray emission (X-ray binaries, SNR, diffuse hot plasma, etc.)
are extended over several kpc (>1 kpc). Higher angular res-
olution images with Chandra of LIRGs confirm that the X-
ray emission comes from both: multiple point sources and
diffuse emission distributed over the galaxies (Zezas et al.
2003; Levenson et al. 2004, 2005; Lehmer et al. 2010).
The S/N ratio in the hard XMM-Newton X-ray band
(2–10keV) of the H II galaxies is too low to accurately mea-
sure the size of the X-ray emitting region. The only excep-
tion is NGC 3256 that appears approximately as extended
as its soft X-ray emission. The higher spatial resolution
Chandra X-ray images of NGC 3256 reveal that both the
soft and hard X-ray emissions are resolved into multiple
point sources, besides the two nuclei, and diffuse emission
(Lira et al. 2002).
The hard X-ray emission of the Seyfert galaxies is dom-
inated by the AGN, thus they appear as point sources in
this energy range.
4.2. Extranuclear sources
In two LIRGs observed with XMM-Newton (NGC 2369 and
NGC 7771) we find bright extranuclear X-ray sources that
5
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might be ultraluminous X-ray sources (ULXs). Note that
we can only isolate such X-ray sources if they are located
more than 0.9–2kpc away from the nucleus due to the spa-
tial resolution of the images. That is, ULXs may exist in
the rest of the sample within the central 0.9–2kpc.
The two sources located at either side of the nucleus of
NGC 7771 (NGC 7771 X-1 and NGC 7771 X-2) were stud-
ied by Jenkins et al. (2005). The spectra of both sources
are well fitted with an absorbed power-law (Γ = 1.6 and
1.7) plus a soft component (thermal plasma at 0.3 keV and
a blackbody disk at 0.2 keV). The unabsorbed luminosities
(Lint0.5−8 keV) of these sources are 1.7±1.0×10
40 erg s−1 and
1.4± 0.8× 1040 erg s−1.
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Fig. 3. EPIC pn (black) and combined EPIC MOS (red)
0.5–10keV spectrum of NGC 2369 X-1 together with the
spectral model consisting of an absorbed power-law (see
Sect. 4.2).
The ULX candidate in NGC 2369 is located 25 arcsec
(∼5 kpc) to the north of the nucleus (NGC 2369 X-1 at R.A.
(J2000) = 7:16:38.5 Decl. (J2000) = –62:20:16). An ab-
sorbed power-law model reproduces well the observed spec-
trum of this source (χ2/dof = 31/42, Fig. 3) and implies an
intrinsic X-ray luminosity Lint0.5−8 keV = 3.2± 0.6× 10
40 erg
s−1. This is one order of magnitude higher than the ULX
luminosity threshold (Lint0.5−8 keV > 10
39 erg s−1) and com-
parable to the luminosities measured for other ULXs. The
parameters of the model (Γ = 1.6 ± 0.2 and NH = 1.3 ±
0.5×1021 cm−2) are also similar to those obtained for other
ULXs (Swartz et al. 2004). The angular resolution of the
XMM-Newton data does not allow us to determine if this
emission comes from a single source (i.e., ULX or a back-
ground AGN) or, conversely, if it is the integrated emission
from multiple sources. NGC 2369 X-1 is coincident with an
extended UV emitting region that seems to be located in
the spiral arms of NGC 2369 (Fig. 2). Therefore the back-
ground AGN possibility is unlikely. The SFR of this region
derived from their UV and IR luminosities3 is 0.9M⊙ yr
−1
3 The UV (2120 A˚) and IR fluxes of the NGC 2369 X-1 region
are: F corrUV = 0.4mJy and F24µm = 0.14 Jy.
(see Sect. 2.2). Thus the expected hard X-ray luminosity
from star-formation (∼2.3×1039 erg s−1, see Sect. 6) is ∼10
times lower than the observed luminosity. Moreover no ex-
cess soft X-ray emission from hot (∼0.7 keV) gas, which is
common in star-forming regions, is detected in its spectra
(Fig. 3). All of these pieces of evidence suggest that the
X-ray emission of NGC 2369 X-1 is dominated by a single
bright source.
5. Spectral analysis of the XMM-Newton data
At 60Mpc (typical distance of these LIRGs) the XMM-
Newton spatial resolution (6 ′′) corresponds to 1.7 kpc. This
means that we are not able to resolve individual emitting
sources. Instead, the XMM-Newton spectra of these LIRGs
probably include the emission from X-ray binaries (low-
and high-mass), SNRs and diffuse hot plasma. An AGN
may be present as well. Therefore, ideally we would include
in the X-ray model one component for each one. However,
this is not possible because: (1) It is complicated to de-
termine the characteristic spectrum of these objects and
even more complicated to determine the characteristic in-
tegrated spectrum of these objects in a galaxy; and (2) the
S/N ratio of our data is not sufficiently high to obtain sta-
tistically meaningful results with a very complex model. We
used the XSPEC package (version 12.5) to fit simultaneously
the EPIC MOS and pn spectra. The RGS data, of the 3
galaxies with sufficient counts (see Sect. 3.1), are compati-
ble with the fit obtained using just the EPIC data. Adding
the RGS data does not improve significantly the constraints
on the model parameters. Thus the RGS data are not used
in the spectral analysis. The fits of some individual sources
are discussed in Appendix A.
5.1. The X-ray spectra of star-forming galaxies
We fit the spectra of the star-forming galaxies using a
simple model consisting of a soft thermal plasma (mekal)
plus an absorbed power-law. The absorption of the thermal
plasma component is not well constrained and it is compat-
ible with no absorption for most of the galaxies. It was only
necessary in the fit of the NGC 3256 and NGC 3690 spec-
tra. The thermal plasma represents the soft X-ray emitting
gas heated by SN shocks, whereas the power-law repro-
duces the observed hard X-ray continuum produced by X-
ray binaries and/or AGN. We also added to the model the
absorption due to the Galactic hydrogen column density
(Kalberla et al. 2005). The absolute value of the plasma
metallicity is not well constrained for our relatively low
S/N ratio spectra. However the [Fe/O] ratio can be deter-
mined since the most prominent spectral features in the
soft X-ray range are produced by these elements (the Fe
L-shell and the O K-shell). Thus, the plasma abundances
were fixed to the solar values except for the Fe abundance.
The latter was left as a free parameter in order to calcu-
late the [Fe/O] ratio. It should be noted that a degeneracy
exists between the plasma abundances and temperatures.
This model provides a reasonable fit to the data (χ2red <
1.2) for most of the galaxies. We included a Gaussian line
when a FeKα emission line was present in the spectrum
(NGC 3256, NGC 3690, and IC 694). For those galaxies
with the 6.4 keV emission line undetected we calculated
the upper limits for a narrow emission line. Fig. 4 shows
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Fig. 4. Observed EPIC pn (black) and combined EPIC MOS (red) 0.3-10 keV spectra, best-fitting model and residuals
of the LIRGs observed by XMM-Newton.
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Table 5. X-ray model fits. Starburst model.
Galaxy Name NH,Gal
a NH,1 kT Fe/O
b NH,2 Γ χ
2/dof F0.5−2 keV
c F2−10 keV
c L0.5−2 keV
d L2−10 keV
d Lplasma
e
(1022 cm−2) (1022 cm−2) (keV) (1022 cm−2) (×10−14 erg cm−2 s−1) (×1040 erg s−1) (%)
NGC1614 0.06 <0.26 0.73+0.05
−0.06
0.44+0.17
−0.09
0.38+0.20
−0.14
1.97+0.18
−0.13
199/152 17.7+1.7
−2.4
27.6+1.7
−4.2
19.4 16.4 2.1
NGC2369 0.10 <0.13 0.60+0.05
−0.06
0.51+0.25
−0.17
0.13+0.28
−0.07
1.49+0.11
−0.12
87/96 7.5+1.0
−1.4
16.4+1.6
−1.8
3.0 4.4 0.9
NGC2369⋆ · · · · · · · · · · · · · · · · · · · · · · · · · · · 4.5 6.4 · · ·
NGC3110 0.03 <0.35 0.53+0.08
−0.09
0.29+0.17
−0.09
0.27+0.48
−0.13
2.53+0.48
−0.36
92/75 9.7+1.3
−1.6
5.3+0.4
−2.3
9.6 3.3 3.0
NGC3256 0.09 0.18+0.01
−0.02
0.62+0.01
−0.01
0.37+0.03
−0.03
0.14+0.03
−0.03
2.02+0.07
−0.12
561/335 71.1+1.7
−2.9
49.2+2.4
−2.9
29.5 9.7 12.3
NGC3690 0.01 0.11+0.16
−0.08
0.63+0.06
−0.05
0.48+0.33
−0.14
0.29+0.22
−0.12
1.76+0.17
−0.18
168/142 30.0+2.6
−5.9
45.8+3.9
−7.7
11.2 10.8 1.9
IC694 0.01 <0.18 0.66+0.03
−0.03
0.46+0.21
−0.08
0.37+0.22
−0.19
1.86+0.18
−0.14
131/128 25.4+2.6
−4.0
42.5+3.6
−7.3
10.0 10.5 1.3
ESO320-G030 0.09 <0.21 0.61+0.06
−0.06
0.70+0.53
−0.32
0.07+0.07
−0.06
2.13+0.44
−0.28
62/67 5.8+0.5
−1.6
4.7+0.6
−0.6
2.0 1.1 2.0
NGC5734 0.07 <0.28 0.49+0.07
−0.06
0.56+0.20
−0.18
0.13+0.17
−0.06
1.92+0.18
−0.17
78/88 7.3+0.6
−1.3
9.0+0.6
−1.1
4.7 3.8 0.7
NGC5743 0.07 · · · 0.61+0.10
−0.14
0.63+0.37
−0.37
· · · 1.68+0.15
−0.17
61/71 5.4+0.2
−0.7
9.6+1.1
−1.1
2.9 4.1 0.5
IC4686 0.07 · · · 0.72+0.15
−0.10
· · · · · · 1.27+0.12
−0.16
18/25 2.4+0.3
−0.2
7.1+0.9
−1.1
1.7 4.2 0.4
IC4687 0.07 <0.19 0.67+0.04
−0.04
0.54+0.16
−0.13
0.48+0.36
−0.23
2.22+0.32
−0.28
100/78 7.7+0.9
−2.1
7.7+1.0
−2.8
10.7 5.6 3.0
IC4734 0.07 · · · 0.69+0.09
−0.08
0.31+0.29
−0.13
· · · 1.46+0.29
−0.20
35/42 4.0+0.3
−0.6
5.4+0.9
−2.8
2.7 3.0 3.0
IC5179 0.01 <0.06 0.55+0.04
−0.04
0.35+0.11
−0.08
<0.10 1.44+0.12
−0.12
91/100 12.7+0.6
−0.8
15.2+1.2
−2.0
3.9 4.4 1.4
NGC7679 0.05 <0.10 0.48+0.09
−0.10
0.29+0.20
−0.14
<0.01 1.64+0.07
−0.07
172/172 35.6+0.7
−3.3
66.3+3.7
−3.7
27.7 44.5 0.2
NGC7769 0.04 · · · 0.49+0.04
−0.07
0.52+0.21
−0.18
· · · 2.17+0.18
−0.18
42/53 5.4+0.3
−0.6
2.7+0.3
−0.5
2.7 1.2 2.0
NGC7770 0.04 · · · 0.58+0.06
−0.06
0.35+0.28
−0.13
· · · 1.84+0.45
−0.63
50/29 3.0+0.2
−0.5
1.3+0.3
−0.9
1.5 0.5 6.9
NGC7771 0.04 <0.11 0.60+0.04
−0.04
0.44+0.10
−0.08
0.51+0.31
−0.29
1.46+0.20
−0.18
101/95 7.9+0.6
−1.3
18.6+1.8
−3.4
6.1 8.9 1.0
NGC7771⋆ · · · · · · · · · · · · · · · · · · · · · · · · · · · 7.5 11.3 · · ·
Notes. The model used for the fits was Abs(NH,Gal){Abs(NH,1)(v)mekal(kT , Fe/O) + Abs(NH,2)[power-law(Γ)]}, where Abs is a photo-electric absorption model and (v)mekal
is a thermal plasma (with variable metal abundances). (a) Galactic absorbing hydrogen column density from Kalberla et al. (2005). (b) Fe/O abundances ratio with respect to
the solar values of Anders & Grevesse (1989). (c) 0.5–2 keV and 2–10 keV X-ray observed flux. (d) 0.5–2 keV and 2–10 keV X-ray luminosity corrected for Galactic extinction
(NH,Gal) and intrinsic absorption (NH).
(e) Fraction of the 2–10 keV luminosity from the thermal plasma component. (⋆) Integrated luminosity including extranuclear ULX
sources.
Table 7. X-ray model fits. AGN model.
Galaxy Name NH,Gal
a kT Fe/Ob NH,SB ΓSB NH,AGN ΓAGN χ
2/dof F0.5−2 keV
c F2−10 keV
c L0.5−2 keV
d L2−10 keV
e
(1022 cm−2) (keV) (1022 cm−2) (1022 cm−2) (×10−14 erg cm−2 s−1) (×1040 erg s−1)
IC4518W 0.09 0.66+0.05
−0.06
0.49+0.41
−0.23
<0.10 1.85 24.28+2.24
−2.05
1.59+0.17
−0.29
106/105 9.4+0.8
−1.8
169.8+30.9
−27.7
7.0 220.2
MCG+04-48-002 0.21 0.53+0.12
−0.14
· · · <1.30 1.85 63.19+10.34
−6.51
1.75+0.55
−0.30
89/109 3.2+0.7
−1.8
275.3+9.2
−116.3
2.8 688.0
Notes. The model used for the fits was Abs(NH,Gal){(v)mekal(kT , Fe/O) + Abs(NH,SB)[power-law(ΓSB)] + Abs(NH,AGN)[power-law(ΓAGN )]}, where Abs is a photo-electric
absorption model and mekal is a thermal plasma. A Gaussian emission line was added ∼6.4 keV to account for the FeKα emission line. An extra Gaussian emission line at
7.1 keV is needed for IC4518W (see Table 6). (a) Galactic absorbing hydrogen column density from Kalberla et al. (2005). (b) Fe/O abundances ratio with respect to the solar
values of Anders & Grevesse (1989). (c) 0.5–2 keV and 2–10 keV X-ray observed flux. (d) 0.5–2 keV X-ray luminosity corrected for Galactic extinction (NH,Gal).
(e) 2–10 keV
X-ray luminosity corrected for Galactic extinction (NH,Gal) and intrinsic absorption (NH,AGN).
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the observed X-ray spectra together with the model for all
the galaxies with XMM-Newton data.
The parameters of the fits are listed in Table 5. The
typical values of the model parameters are: Γ ∼ 1.3–2.2,
NH ∼ 1×10
21–5×1021 cm−2, kT ∼ 0.5–0.7keV and [Fe/O]
∼ −0.5–−0.1. The measured NH corresponds to AV ∼ 0.5–
2.3mag using the Gu¨ver & O¨zel (2009) conversion factor.
In general, the X-ray derived absorption is lower than that
obtained from the near-IR colors (∼3mag) and the Paα/Hα
ratio (∼2–5mag) for these galaxies (Alonso-Herrero et al.
2006). The temperature of the plasma and its contribu-
tion to the hard X-ray emission of these LIRGs are com-
parable with those of local starbursts (0.8 keV and 3%,
Persic & Rephaeli 2003). However the power-law compo-
nent is slightly steeper than in local starbursts, Γ = 1.2
(Persic & Rephaeli 2003) versus Γ = 1.8 in these LIRGs.
The upper limits and fluxes of the FeKα emission line
are listed Table 6.
5.2. AGN X-ray spectra
The X-ray spectra of two galaxies, IC 4518W, MCG+04-
48-002, are not well fitted by the star-formation model de-
scribed above. The hard X-ray emission of these galaxies
is dominated by the AGN (Fig. 4). We added to the star-
formation model an absorbed power-law and a Gaussian
emission line at 6.4 keV to account for the AGN emission.
For IC 4518W we added another Gaussian emission line at
7.1 keV. For these galaxies the power-law index of the star-
formation component is not well constrained due to the
AGN contribution to the hard X-ray emission. Hence we
fixed it to the median value obtained for the other LIRGs
(Γ = 1.85). This model provides a good fit to the data,
χ2red ≤ 1, for the two galaxies. For this reason, we did not
include an AGN reflection component (pexrav). By doing
this we may underestimate the absorbing column density
towards the AGN. This model fits well the soft X-ray emis-
sion of these galaxies. However this does not imply a star-
formation origin of the soft X-ray emission since the ther-
mal plasma and the power-law continuum can be produced
by an AGN. The origin of the soft X-ray emission is dis-
cussed in Section 6. The model parameters for these two
galaxies are given in Table 7.
5.3. Literature X-ray data
The X-ray luminosities taken from the literature are listed
in Table 4. This table includes the 6 galaxies observed with
Chandra plus 2 galaxies observed with XMM-Newton. For
these two objects, MCG−03-34-064 and NGC 7469, we re-
peated the fits of the XMM-Newton data using the models
given by Miniutti et al. (2007) and Blustin et al. (2003),
respectively, to take advantage of the latest calibration.
6. X-ray emission from star-formation activity
6.1. Soft X-ray emission versus SFR
At soft energies (0.5–2-0keV), the X-ray emission is pro-
duced by both diffuse hot gas heated by supernova explo-
sions and X-ray binaries. Therefore the soft X-ray emission
is expected to be correlated with the SFR (Ranalli et al.
2003; Rosa Gonza´lez et al. 2009).
Table 6. FeK line
Galaxy Name Ea EW FFeK
(keV) (keV) (10−15 erg cm−2 s−1)
NGC23 · · · · · · · · ·
NGC1614 6.4 <0.62 <16
NGC2369 6.4 <0.34 <5.7
NGC3110 6.4 <0.76 <3.0
NGC3256 6.4 <0.07 <3.5
6.60+0.10
−0.04 0.2 8.2
NGC3690 6.6+0.2−0.3 0.93 67
IC694 6.4 <0.2 <9.4
6.67+0.10
−0.11 0.85 60
ESO320-G030 6.4 <1.8 <6.5
IC860 · · · · · · · · ·
MCG−03-34-064 6.39+0.02
−0.02 0.11 92
NGC5135b 6.39+0.03
−0.04 2.4 ∼50
NGC5653 · · · · · · · · ·
NGC5734 6.4 <0.8 <6.6
NGC5743 6.4 <1.4 <13
IC4518W 6.39+0.03−0.03 0.46 120
7.1+0.1
−0.2 0.21 52
Zw049.057 · · · · · · · · ·
IC4686 6.4 <0.8 <5.1
IC4687 6.4 <1.4 <8.7
IC4734 6.4 <3.5 <11
MCG+04-48-002 6.47+0.05
−0.06 0.12 66
NGC7130c 6.40+0.05−0.05 1.8 ∼35
IC5179 6.4 <0.41 <6.3
NGC7469 6.42+0.03
−0.03 0.070 203
NGC7679 6.4 <0.42 <30
NGC7769 6.4 <1.8 <3.5
NGC7770 6.4 <8.5 <9.6
NGC7771 6.4 <0.47 <10
Notes. Observed fluxes and EW of the FeK emission lines.
Upper limits are calculated assuming an unresolved Gaussian
emission line at 6.4 keV. (a) Rest frame energy of the emis-
sion line. When no uncertainties are quoted the value was
fixed. (b,c) Data from Levenson et al. (2004) and Levenson et al.
(2005) respectively.
The correlation found by Ranalli et al. (2003) between
the soft X-ray and the far-infrared (FIR, 40–500µm) lumi-
nosities is not linear. The galaxies in their study cover a
large range in FIR luminosities and it is possible that, for
those galaxies with the lowest SFR, the total SFR is not
dominated by the obscured SFR traced by the FIR luminos-
ity (see Pe´rez-Gonza´lez et al. 2006; Kennicutt et al. 2009).
To account for the unobscured star-formation we used the
near-UV (2267 A˚) fluxes from Gil de Paz et al. (2007) that
we translated into SFR (see Sect. 3). We found near-UV
fluxes for 65% of the Ranalli et al. (2003) sample. To cal-
culate the obscured SFR we used the IRAS fluxes to ob-
tain the total IR luminosity (8–1000µm). Then we used the
calibration of Kennicutt (1998) correcting for our adopted
Kroupa IMF. We added both IR and UV SFR to obtain the
total SFR. The SFR traced by the UV light contributes to
the total SFR between 5% and 60% with a median contri-
bution of 20% for the galaxies of the Ranalli et al. (2003)
sample. In the case of the LIRGs we neglected the unob-
scured star-formation as it contributes less than 10% for
most of the galaxies (see Table 2 and Howell et al. 2010;
Rodr´ıguez-Zaur´ın et al. 2011). In the left panel of Fig. 5
we compare the SFRIR+UV with the soft X-ray luminosity
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Fig. 5. Soft (0.5–2keV; left) and hard (2–10keV; right) X-ray luminosity corrected for absorption vs. SFR calculated
combining the UV and IR luminosities (Sect. 3). Red stars are H II galaxies. Light green triangles and dark green circles
are Type 1 and 2 Seyfert galaxies, respectively. Blue stars are composite galaxies, orange diamonds are LINERs and blue
squares are galaxies without classification from optical spectroscopy. Galaxies from Ranalli et al. (2003) are plotted as
gray circles. The solid line is our best linear fit to those LIRGs classified as H II and the Ranalli et al. (2003) galaxies.
The dashed lines indicate the ±1σ dispersion in this relation.
for our sample of LIRGs together with the nearby galaxies
of Ranalli et al. (2003). The best fit4 slope in log-log space
is 1.1 ± 0.1, which is compatible with a linear relation.
Assuming a constant SFRIR+UV/L0.5−2 keV ratio we found:
SFRIR+UV (M⊙ yr
−1) = 3.4× 10−40L0.5−2keV (erg s
−1) (4)
with a 0.24dex scatter. Mas-Hesse et al. (2008) modeled
the soft X-ray luminosity expected from a starburst. They
assumed that the mechanical energy from the starburst (SN
and stellar winds) heats the interstellar diffuse gas with
an efficiency 1–5%. After correcting for the different IMF
normalization, their calibration for a young extended burst
is consistent with Equation 4 within the scatter.
The Seyfert 2 galaxies in our sample of LIRGs lie on the
correlation (NGC 3690 and IC 4518W), or have a small (less
than a factor of 3) soft X-ray emission excess (MCG−03-
34-064, NGC 5135, and NGC 7130). In Type 2 Seyferts
the absorbing hydrogen column density towards the AGN
is high and thus most of the soft X-ray emission coming
from the AGN is absorbed. Therefore we conclude that
when a sufficiently powerful starburst is present it may
contribute significantly to the observed soft X-ray emis-
sion. The two Seyfert 1s (NGC 7469 and NGC 7679) in our
sample have a soft X-ray emission excess relative to their
SFR due to the AGN emission. Two objects (IC 860 and
Zw 049.057) lie below the correlation. The low number of
counts of these galaxies does not allow us to correct prop-
erly the soft X-ray fluxes for their internal absorption. In
addition, the large 9.7µm silicate absorption of these galax-
ies (Alonso-Herrero et al. 2011, in press) suggests that they
are highly obscured, thus this correction is likely to be large
(Shi et al. 2006).
4 We only used for the fit the galaxies classified as H II and
the galaxies of Ranalli et al. (2003)
6.2. Hard X-ray emission versus SFR
HMXB dominate the hard X-ray (2–10keV) emission of
a starburst galaxy when an AGN is not present. Thus
the hard X-ray emission is also a tracer of the SFR
(Ranalli et al. 2003; Grimm et al. 2003; Persic et al. 2004;
Lehmer et al. 2010).
The right panel of Fig. 5 shows that there is a good
correlation between the hard X-ray emission and the SFR
when there is no AGN. The best fit slope is 1.1±0.1 (in log-
log space). Thus assuming a directly proportional relation
between the SFRIR+UV and the L2−10 keV we obtained:
SFRIR+UV (M⊙ yr
−1) = 3.9× 10−40L2−10 keV (erg s
−1) (5)
with a 0.27 dex scatter. In the fit we used all the H II
galaxies (excluding MGC+04-48-002 whose X-ray spectra
resembles that of a Seyfert 2 galaxy, see Appendix A)
and the galaxies of the Ranalli et al. (2003) sample. This
calibration agrees, within the uncertainties, with that of
Ranalli et al. (2003). However, Lehmer et al. (2010) found
a highly non-linear relation (slope = 0.76) between the SFR
and the L2−10 keV. In their fit they included high-luminosity
LIRGs and ULIRGs. These galaxies are underluminous in
the 2–10keV range (see Iwasawa et al. 2009; Lehmer et al.
2010), thus this may affect the relation slope.
Due to the low number of galaxies with SFR of less
than ∼4M⊙ yr
−1 in our sample, it is uncertain whether
the correlation is still valid in the low SFR range or not.
Actually a change in the slope of the L2−10 keV versus SFR
relation is expected for this range (Grimm et al. 2003). For
these galaxies with low SFR if a bright HMXB is present it
can dominate the galaxy integrated hard X-ray luminosity.
As can be seen in the right panel of Fig. 5, the
hard X-ray emission of 3 Seyfert galaxies (NGC 3690,
NGC 5135, and NGC 7130) is compatible (within 2σ)
with that expected from star-formation. These galax-
ies are known to host powerful starbursts that might
dominate their energy output (Gonza´lez Delgado et al.
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Fig. 6. Observed/expected hard X-ray (2–10keV) luminos-
ity ratio vs. SFR/M⋆ ratio. The expected X-ray luminosity
only includes the X-ray emission from LMXB and HMXB
and it is based on the relation LX = αM⋆ + βSFR from
Lehmer et al. (2010). The dashed lines indicate the scatter
in this relation. Galaxy symbols are as in Fig. 5.
1998; Alonso-Herrero et al. 2009b; Bedregal et al. 2009;
Alonso-Herrero et al. 2011, in press). For these three galax-
ies high angular resolution Chandra images were used to
isolate and quantify the AGN emission, which was found
to be approximately 70% of the total hard X-ray emission
(Zezas et al. 2003; Levenson et al. 2004, 2005).
In the previous fit we neglected the contribution of the
LMXB to the hard X-ray luminosity. The emission of the
LMXB is proportional to the stellar mass of the galaxy
(Gilfanov 2004), and LMXBs may be important for galaxies
with the lowest SFR/M⋆ ratios. Assuming that there is a
linear correlation between the 2–10keV galaxy integrated
emission of LMXB and HMXB with the stellar mass and
the SFR respectively, Lehmer et al. (2010) constrained the
relation:
L2−10 keV = αM⋆ + βSFR (6)
for a sample of nearby normal galaxies, LIRGs, and
ULIRGs. They found α = (9.05±0.37)×1028 erg s−1 M−1⊙
and β = (1.62 ± 0.22) × 1039 erg s−1 (M⊙ yr
−1)−1. From
this equation we estimate that the contribution of LMXB
to the integrated hard X-ray luminosity is less than 15% for
our sample of LIRGs. This is much lower than the scatter
of the SFR versus hard X-ray luminosity correlation, thus
it would not be the main cause of the observed scatter.
Fig. 6 shows that the predicted X-ray luminosity us-
ing Equation 6 agrees with that observed for most of
the H II galaxies in our sample of LIRGs. Likewise, most
of the Seyfert galaxies have hard X-ray luminosities 10
times larger than that expected from star-formation. The
3 Seyferts (NGC 3690, NGC 5135, and NGC 7130) that lie
within 2σ of the expected relation for star-formation are
those with powerful starbursts.
6.3. FeKα line from star-formation
Although the FeKα emission line is detected mainly in ac-
tive galaxies, it has been found in starbursts (e.g., M 82 and
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Fig. 7. Observed/expected 6.4 keV FeKα luminosity from
star-formation (see Sect. 6.3) vs. 2–10keV luminosity.
Galaxy symbols are as in Fig. 5.
NGC 253, Cappi et al. 1999). In the latter its origin is as-
sociated with X-ray binaries and SNRs. The 6.4 keV FeKα
line is observed in Galactic X-ray binaries (White et al.
1983; Torrejo´n et al. 2010). Using high-resolution X-ray
spectroscopy Torrejo´n et al. (2010) studied a sample of 41
X-ray binaries. They detected the FeKα line in all of the
HMXB (10), but only in 10% of the LMXB. For this reason
and since the X-ray binary population in starbursts is dom-
inated by HMXB we only consider HMXB in the following.
We estimated the median EW of the FeKα line pro-
duced in X-ray binaries using the data of Torrejo´n et al.
(2010), EW = 0.07 ± 0.04keV. Assuming that the spec-
tra of the HMXB in the 2–10keV energy range can be
represented as a power-law with photon index Γ = 1.2
(Persic & Rephaeli 2002) we obtain log LFeKα/L2−10 keV =
−2.1±0.6. The variation of this ratio with Γ is small, being
less than 0.1 dex for Γ between 1 and 2.
The integrated hard X-ray luminosity, L2−10 keV, from
HMXB is directly related with the SFR (see Lehmer et al.
2010 and Equation 6). Combining these relations we obtain
the following:
LHMXBFeKα (erg s
−1) = (1.3± 0.4)× 1037 SFR (M⊙ yr
−1) (7)
Using this equation we estimated the expected flux of
the 6.4 keV FeKα line from HMXB. In Fig. 7 we show the
expected/observed FeKα emission line ratio. For all the
galaxies without line detection, the upper limits are com-
patible with our flux estimation for star-formation. As this
line is correlated with the luminosity of the AGN when
present, these upper limits also put an upper limit on the
AGN contribution to the total energy output of the galaxy
(see Sect. 7.1).
The detection of the ionized iron line at 6.7 keV in
IC 694 and NCG 3256 (Table 6) indicates the presence
of hot gas (kT > 3 keV) in these galaxies. Therefore their
hard X-ray emission may be dominated by hot gas as is the
case in high luminosity LIRGs and ULIRGs (Iwasawa et al.
2009, 2011; Colina et al. 2011, submitted). This is in con-
trast with local starbursts where the hard X-ray emission
is mostly due HMXB. Fig. 7 shows that the upper limit
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for the 6.4 keV line in NGC 3256 is smaller than the ex-
pected value for HMXB. This provides further support for
a noticeable contribution from hot gas to the hard X-ray
emission, at least, in some LIRGs.
For Seyfert galaxies the observed to expected from star-
formation FeKα emission ratio is larger than ∼50, reaching
∼300 in some cases. It is clear that the FeKα emission is
dominated by the AGN in these galaxies.
6.4. Metal abundances of the thermal plasma
The soft X-ray spectrum of starburst galaxies is dominated
by the emission of a diffuse thermal plasma with temper-
atures in the range 0.1 to 1 keV. It is believed that it is
heated by shock-fronts generated by SN explosions and stel-
lar winds (Persic et al. 2004). Table 5 shows the Fe/O ra-
tio respect to the solar values5 of our sample. Due to the
limited S/N ratio of the spectra we cannot obtain the ab-
solute abundances. The average Fe/O ratio respect to the
solar abundance is 0.5 ± 0.2. The underabundance of Fe
relative to α elements has been observed in nearby star-
bursts (Strickland et al. 2004; Grimes et al. 2005) and local
(U)LIRGs (Iwasawa et al. 2011).
Various processes have been proposed to explain these
results. In the dwarf starburst galaxy NGC 1559 the α el-
ements abundance with respect to Fe is consistent with
the enhanced production of α elements in Type II SN
(Martin et al. 2002). Indeed the Fe/O ratio measured in
these LIRGs is consistent with the IMF-averaged Fe relative
to α elements ratio expected from Type II SN (Gibson et al.
1997). Alternatively Strickland et al. (2000) suggested that
the X-ray emission is produced in the boundary layer be-
tween the cold interstellar medium and the SN winds, thus
the underabundance of Fe could be due to the Fe depletion
into dust grains. To distinguish between Fe depletion and
enhanced α elements production in Type II SN it is needed
to determine the abundances relatives to hydrogen and
compare them with the galaxy metallicity (Strickland et al.
2004).
7. AGN activity of LIRGs from X-ray emission
7.1. Low luminosity AGN
The FeKα emission line is one of the most prominent sig-
natures of obscured AGN in the hard X-ray energy range.
In Compton thick AGN (NH > 10
24 cm−2) the FeKα line
at 6.4 keV has a large EW (> 1 keV; Levenson et al. 2006).
This is due to the different gas column densities affecting
the AGN continuum and the emission line. The X-ray con-
tinuum in a Compton thick AGN is highly absorbed below
10 keV by the gas around the AGN. The 6.4 keV FeKα
emission line, on the other hand, is produced in regions far
from the AGN with an absorbing column density in our line
of sight significantly lower than that of the continuum (e.g.,
Jime´nez-Bailo´n et al. 2005). FeKα emission lines with large
EW have been detected in ULIRGs, indicating that some
ULIRGs (∼20–30%) contain buried AGNs, although their
X-ray emission is dominated by star-formation (Ptak et al.
2003; Franceschini et al. 2003).
Table 6 shows the FeKα EW measured for our sam-
ple of LIRGs. The FeKα EW upper limits for 40% of the
5 We used the solar abundances of Anders & Grevesse (1989).
galaxies are compatible with EW larger than 1 keV. These
galaxies could host a Compton thick AGN. However, if they
do, it would not be a bright AGN. Their bolometric lumi-
nosity would be lower than 1043 erg s−1 (estimated from the
upper limits of the FeKα emission line flux, see Sect. 7.2).
That is, the AGN contribution in these galaxies would be
less than 10% of the total luminosity (IR luminosity). By
comparison, for the Seyfert galaxies in the sample the AGN
contribution ranges from less than 1% to 35% (see Sect.
7.3).
Apart from the FeKα emission line, the AGN con-
tinuum, absorbed or reflected (depending on the absorb-
ing column density), might be detected in the hard X-
ray (2–10 keV) range. Three of the non-Seyfert galaxies
(NGC 5743, MCG+04-48-002, and NGC 7771) have hard
X-ray luminosities between 5 and 100 times larger than
those expected from star-formation (Fig. 6). NGC 5743
is classified as H II from optical spectroscopy, although
the detection of the [NeV] lines at 14.3 and 24.3µm
(Pereira-Santaella et al. 2010) indicates that an AGN is
present in this galaxy. These [NeV] lines are also de-
tected in the mid-infrared spectrum of MCG+04-48-002
(Pereira-Santaella et al. 2010). The presence of an AGN
in this object is further confirmed by its 20–100keV emis-
sion (Bassani et al. 2006). In the case of NGC 7771 the
nuclear activity type is H II (Alonso-Herrero et al. 2009a).
The only evidence of an AGN in this galaxy is the detec-
tion of the FeKα line6 and the excess hard X-ray emission
(Jenkins et al. 2005) .
7.2. Obscured AGN
Five of the LIRGs (NGC 3690, MCG−03-34-064,
NGC 5135, IC 4518W, and NGC 7130) are Seyfert
2 galaxies. In addition, the mid-IR and X-ray proper-
ties of MCG+04-48-002 suggest the presence of a bright
AGN, although it is not detected in the optical spectrum
(Masetti et al. 2006). These galaxies are likely to host an
obscured AGN.
We can constrain the hydrogen column density to-
wards the AGN from their X-ray spectra for three galaxies:
MCG−03-34-064, IC 4518W, and MCG+04-48-002. It is <
1024 cm−2 for all of them, therefore they are not Compton
thick AGN. After correcting the observed luminosity for
this absorption we obtain the intrinsic AGN X-ray lumi-
nosity (Table 8). These 3 galaxies are also detected in the
Swift/BAT 14–195keV all-sky survey (Tueller et al. 2010).
The 14–195keV emission is less affected by absorption than
the 2–10keV emission. Therefore it is a direct indicator of
the intrinsic AGN luminosity except for the most obscured
Compton thick AGN7 (NH > 10
26 cm−2; e.g., Matt et al.
1997).
Using the Marconi et al. (2004) AGN template
Rigby et al. (2009) calculated that the L2−10 keV/
L14−195 keV ratio is 0.37. This ratio is between 0.77
and 0.12 for these 3 LIRGs and is comparable to that
6 In our spectral analysis of NGC 7771 we do not detect the
FeKα line, although the upper limit is compatible with the line
flux measured by Jenkins et al. (2005).
7 However due to the angular resolution of the Swift-BAT sur-
vey (19.5 arcmin) the 14–195 keV fluxes can be contaminated by
other nearby Seyfert galaxies (MCG−03-34-064 and MCG−03-
34-063, MCG+04-48-002 and NGC 6921).
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observed in a sample of local Swift/BAT selected AGNs
(Figure 6 of Winter et al. 2009). MCG−03-34-064 has the
highest ratio and also the steepest continuum (Γ ∼ 2.7).
Likewise, IC 4518W has the lowest ratio and the lowest
photon index (Γ ∼ 1.6). Thus the continuum slope might
affect the L2−10 keV/L14−195keV ratio. However, the Swift/
BAT flux contamination by nearby sources, the uncertainty
in the contribution of the AGN reflected continuum to the
14–195keV luminosity (which represents about 40% of the
total AGN emission at 30 keV, Ueda et al. 2003), and the
AGN variability may be important factors affecting the
observed L2−10 keV/L14−195keV ratio.
The other 3 Seyfert 2s in our LIRGs sample (NGC 3690,
NGC 5135, and NGC 7130) might be Compton thick AGN.
In fact, NGC 5135 and NGC 7130 have been classified
as Compton thick based on their large FeKα EW (see
Levenson et al. 2004, 2005). The FeKα EW of NGC 3690
is 0.93 keV (see Table 6). It is slightly less than the typi-
cal values of Compton thick AGN (>1 keV). However the
star-formation contribution to the hard X-ray continuum
is ∼30% in NGC 3690 (see Sect. 6.2) and thus it de-
creases the observed EW of the FeKα emission line. To es-
timate the AGN X-ray luminosity of these objects we used
the flux of the FeKα emission line since it seems to be a
good indicator of the intrinsic AGN luminosity (Ptak et al.
2003; Levenson et al. 2006; LaMassa et al. 2009). We as-
sumed LFeKα/L
int
2−10keV = 2× 10
−3 (Levenson et al. 2006).
However we note that this ratio depends on both the geom-
etry of the AGN obscuring material and the column density
in our line of sight (Liu & Wang 2010; Yaqoob et al. 2010;
Murphy & Yaqoob 2009). Thus a large uncertainty, a fac-
tor of ∼5, is expected in the intrinsic AGN luminosities of
these galaxies
None of these 3 Compton thick candidates are detected
in the Swift -BAT 14–195keV survey. The 14–195keV lu-
minosity upper limits are slightly lower than the expected
luminosity for their 2–10keV emission. The large scatter (a
factor of 6) in the L14−195 keV/L2−10keV ratio for the detec-
tions and the uncertainties discussed above might explain
this.
The 2–10keV and 14–195keV luminosities are listed in
Table 8. For completeness, the two Seyfert 1 galaxies in our
sample are also included in the table.
7.3. AGN contribution to the LIRGs luminosity
We calculated the fraction of the bolometric luminosity pro-
duced by AGN in our sample of LIRGs. We used the LIR(8–
1000µm) as the total luminosity of the LIRGs. The AGN
luminosity was estimated from the X-ray data.
There are 8 active galaxies in our sample. This repre-
sents 30% of the sample, although the AGN does not dom-
inate the luminosity of any of them. For these galaxies we
estimated the AGN luminosity from their X-ray spectral
model or from their FeKα line luminosity (Sect. 7.2). To
obtain the AGN bolometric luminosity we applied the bolo-
metric correction of Marconi et al. (2004). Comparing the
bolometric AGN luminosity with the IR luminosity (Table
8) we find that the median AGN contribution is 25% and
it ranges from less than 1% to 35% for the Seyfert LIRGs
For the rest of the sample we used the upper limit of the
FeKα line luminosity to obtain the upper limit for the AGN
luminosity (Sect. 7.1).
The AGN luminosity of the active LIRGs contributes
7% of the total luminosity of the sample. If we also consider
the upper limits of the AGN luminosity of the star-forming
galaxies, the AGN contribution is < 10%. That is, AGN
contribute between 7% and 10% to the total energy output
of our sample of local LIRGs. This is in agreement with
the value obtained for local LIRGs by Petric et al. (2011),
12%, and Alonso-Herrero et al. (2011, in press) using mid-
IR diagnostics.
8. Conclusions
We have analyzed the X-ray properties of a representative
sample of 27 local LIRGs. The median logLIR/L⊙ is 11.2,
thus the low-luminosity end of the LIRG class is well rep-
resented. The main results are as follows:
1. For most of the galaxies the soft X-ray emission (0.5–
2 keV) can be associated to the star-formation activity.
This is true even for some Seyfert 2s that host pow-
erful starbursts and highly obscured AGN. We find a
proportional correlation between the SFR (unobscured
plus obscured) and the L0.5−2 keV (Equation 4). This
relation is compatible with that obtained from synthe-
sis models (Mas-Hesse et al. 2008). Only LIRGs hosting
Seyfert 1 deviate significantly from this correlation.
2. We find that the hard X-ray (2–10keV) emission of
those LIRGs classified as H II like is also proportional
to the SFR (Equation 5). This correlation is compati-
ble with that found for nearby starbursts (Ranalli et al.
2003; Persic et al. 2004). In this relationship LIRGs
hosting Seyfert nuclei (type 1 and type 2) show in gen-
eral an excess of 2–10keV emission clearly attributed
to the AGN. However, some LIRGs hosting a Seyfert
2 nucleus and with powerful starbursts relative to their
obscured AGN also lie on the correlation.
3. The soft X-ray emission can be modeled with a ther-
mal plasma. The plasma abundance has subsolar Fe/O
ratios. This can be explained by the α elements enrich-
ment due to Type II SNe or by the Fe depletion into
dust grains. The data analyzed in here does not allow
us to reject any of these possibilities.
4. We do not detect the FeKα emission line at 6.4 keV in
most (>90%) of the H II LIRGs. Only in one H II LIRG
(MCG+04-48-002) is the presence of an obscured AGN
evident from the X-ray data. Thus we can rule out the
presence of luminous obscured (or Compton thick) AGN
in these H II LIRGs. If present, the AGN contribution
to the bolometric luminosity would be less than 10%.
5. Three Seyfert LIRGs (10%) in our sample are Compton
thick AGN candidates based on their large FeKα EW.
The rest are Seyfert 2s (2, 7%) with NH < 10
24 cm−2
or Seyfert 1s (2, 7%). The median AGN contribution
to the bolometric luminosity of those LIRGs hosting a
Seyfert nucleus is 25%, ranging from 1% to 35%.
6. The AGN emission represents about 7% of the total en-
ergy output of the sample. Taking into account the up-
per limits for the AGN contribution in the H II LIRGs,
the AGN contribution is between 7% and 10%. This
is in agreement with the values estimated from mid-IR
data (Alonso-Herrero et al. 2011, in press; Petric et al.
2011).
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Table 8. AGN luminosity
Galaxy Name Type Lint2−10 keV L14−195 keV
a LAGNbol LIR/L
AGN
bol
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MCG+04-48-002 · · · 6.9 38 120 3.0
NGC7130 Sy2 10b <23 180 5.1
NGC7469 Sy1 17 39 340 5.0
NGC7679 Sy1 0.4 15c 4.1 120
Notes. Intrinsic AGN 2–10 keV, 14–195 keV and bolometric luminosities. We used the bolometric corrections of Marconi et al.
(2004). (a) Observed Swift/BAT 14–195 keV luminosity from Tueller et al. (2010). For non-detections we assumed a flux
<3.9×10−11 erg cm−2 s−1, which is the 4.8 σ sensitivity achieved for 95% of the sky in this survey. (b) Estimated from the 6.4 keV
FeKα emission line luminosity using the relation LFeKα/L2−10 keV = 2× 10
−3 from Levenson et al. (2006). (c) The L14−195 keV of
NGC 7679 is likely to be contaminated by the nearby Seyfert 2 NGC 7682.
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Appendix A: Notes on individual sources
In this Appendix we discuss the X-ray spectral analysis of
some galaxies with XMM-Newton data.
NGC 3256 It is the most luminous nearby (z<0.01) merger
system. Its energy output is dominated by a powerful star-
burst. Previous ASCA, Chandra and XMM-Newton X-ray
observations of this galaxy have been analyzed in detail by
Moran et al. (1999), Lira et al. (2002) and Jenkins et al.
(2004), respectively. We used a simple model (absorbed
vmekal + power-law) to fit the XMM-Newton spectrum.
It provides an acceptable fit (χ2red ∼ 1.7) for our analysis.
Jenkins et al. (2004) tentatively detected a FeKα emission
line at ∼6–7keV. The higher S/N ratio data analyzed here
shows clearly an emission line at 6.60+0.10
−0.04 keV (Table 6).
The energy of the line suggests that it is produced by ion-
ized Fe, possibly related to supernovae activity. The up-
per limit for the EW of a neutral FeKα line at 6.4 keV is
<70 eV (Table 6). This low EW is not compatible with that
expected from a luminous Compton thick AGN.
Arp 299 (NGC 3690 and IC 694) It is a luminous in-
frared (LIR = 6 × 10
11 L⊙) merger system. It hosts
one of the most powerful starbursts in local galaxies
(Alonso-Herrero et al. 2009b). The X-ray emission below
10 keV is dominated by star-formation, however a Compton
thick AGN is found in the system (Della Ceca et al. 2002).
The hard X-ray spectrum of the nucleus of NGC 3690 in-
dicates that the obscured AGN is probably located there
(Zezas et al. 2003). Ballo et al. (2004) detected the FeKα
emission feature in both system components NGC 3690 and
IC 694. They found that the energy of the emission line in
NGC 3690 is consistent with neutral iron, however in our
fit the energy of the emission line is not well constrained
(Table 6). The measured 6.4 keV FeKα flux is ∼10 times
larger than that expected from star-formation suggesting
the presence of an AGN in NGC 3690. The energy of the
emission line in IC 694 is consistent with the FeKα from
ionized iron that may be produced in highly ionized gas
around the AGN or SN explosions (Ballo et al. 2004). For
the fit we used a model consisting of an absorbed thermal
plasma plus a power-law. We included a Gaussian profile
to account for the FeKα emission lines.
MCG−03-34-064 This galaxy is classified as Seyfert 1.8.
The soft X-ray spectrum is dominated by a thermal compo-
nent likely produced by star-formation and gas photoion-
ized by the AGN. The AGN absorbed component dom-
inates the spectrum in the hard X-ray range. An FeKα
emission line is detected at 6.4 keV, consistent with neutral
iron. A detailed analysis of the XMM-Newton data of this
galaxy was presented by Miniutti et al. (2007).
IC 4518W It is a Seyfert 2 galaxy. Its XMM-Newton and
INTEGRAL observations are described by de Rosa et al.
(2008). This is the only galaxy in the sample in which we
detect two prominent emission lines in the hard X-ray spec-
trum, one at 6.39±0.03keV and a weaker emission line at
7.1+0.1
−0.2 (Table 6). The former is compatible with FeKα
emission from neutral Fe. The latter may be FeKα pro-
duced by highly ionized iron, FeKβ or these lines blended.
Comastri et al. (2010) found the FeKβ line in some ob-
scured AGN. However the FeKβ/FeKα ratio from neutral
iron is 0.12–0.17 (Palmeri et al. 2003) and the ratio be-
tween the 6.39 and the 7.1 keV emission lines in IC 4518W
is larger (0.4). Thus there might be a contribution from the
FeXXVI Kα emission line.
MCG+04-48-002 This galaxy is classified as H II from opti-
cal spectroscopy, however its radio, hard X-ray emission and
mid-IR spectrum suggest the presence of an obscured AGN
(Masetti et al. 2006; Pereira-Santaella et al. 2010). Suzaku
observations of this galaxy were analyzed by (Winter et al.
2009). We detect an emission line at 6.47+0.05
−0.06 that is com-
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patible with neutral FeKα. The high hydrogen column den-
sity (NH = 63.2
+10.0
−5.5 × 10
22 cm−2) towards the AGN and
the powerful star-formation might explain why no AGN
signatures are found in its optical spectrum.
NGC 7679 Is a composite Seyfert 1/starburst galaxy. It is
sometimes misclassified as Seyfert 2 (see Shi et al. 2010).
The hard X-ray spectrum is well reproduced by a power-
law model, but we had to add a soft thermal plasma compo-
nent to account for the soft X-ray excess. Della Ceca et al.
(2001) reported X-ray fluxes ∼7 times larger in the soft and
hard bands from the analysis of contemporaneous (1998)
ASCA and BeppoSax observations of this galaxy. Previous
X-ray observations of NGC 7679 are available with Einstein
(1981) and ROSAT (1990). The fluxes in the 0.2–4keV
(Einstein) and 0.1–2.4keV (ROSAT ) bands are factor of
∼2 larger than those measured in the XMM-Newton data
(Della Ceca et al. 2001). These flux variations reflect the
long term variability of the X-ray emission of this galaxy.
Appendix B: Optical classification
The optical spectra of 7 galaxies in the parent sample of
LIRGs (Alonso-Herrero et al. 2006, 2011, in press) without
a previous activity classification were obtained as part of
the six-degree Field (6dF) Galaxy Survey (6dFGS DR3;
Jones et al. 2004, 2009). Only 4 of these 7 LIRGs are mem-
bers of the subsample studied in this paper. However we
present the optical spectra of all of them since in Section 2
we compare the nuclear activity of both samples.
The optical spectra were obtained with the 6dF multi-
object fibre spectrograph on the United Kingdom Schmidt
Telescope (UKST) over 2001 to 2006. The fiber angular di-
ameter is 6.′′7, thus at the distance of these LIRGs it covers
the central ∼2 kpc of the galaxies (i.e., similar to the phys-
ical regions covered by the Veilleux et al. 1995 spectra of
local LIRGs). Each object was observed with two gratings
in the V (3900–5600A˚) and R (5400–7500A˚) bands for, at
least, 1 hr and 0.5 hr, respectively. These two spectra were
later spliced to obtain the final object spectrum. The spec-
tral resolution is 5–6 A˚ in V and 9–12 A˚ in R. The spectra
are not accurately flux calibrated, however they can be used
to calculate ratios of emission lines near in wavelength (see
Lee et al. 2011). The spectra of the 7 LIRGs are shown in
Fig. B.1.
We measured the Hβ, [O III]λ5007 A˚, Hα, and
[N II]λ6584 A˚ emission lines in the spectra by fitting a
Gaussian to each emission line. The measured [N II]/Hα
and [O III]/Hβ line ratios are listed in Table B.1. We do not
correct Hβ for stellar absorption, so the calculated [O III]/
Hβ ratio should be considered as an upper limit.
To determine the nuclear activity of these galax-
ies we used the standard optical diagnostic diagram
[N II]λ6584 A˚/Hα vs. [O III]λ5007 A˚/Hβ (Baldwin et al.
1981). We adopted the boundaries between H II, AGN, and
composite galaxies of Kewley et al. (2006). The diagram for
these LIRGs is shown in Fig. B.2 and the adopted classi-
fications are listed in Table B.1. Neither the Hβ nor the
[O III]λ5007 emission lines are detected in IC 4518E, thus
we do not plot this galaxy in Fig. B.2. We do not detect the
[O III]λ5007 A˚ emission line in the spectrum of IC 4280, so
we plotted the upper limit of the [O III]/Hβ ratio in Fig.
−1.0 −0.5 0.0 0.5 1.0
log [NII]/Hα
−1.0
−0.5
0.0
0.5
1.0
lo
g 
[O
III
]/H
β
NGC2369
ESO320−G030
IC4280
ESO221−IG010
NGC5734
NGC5743
H II Comp.
AGN
Fig.B.2. [N II]λ6584/Hα versus [O III]λ5007/Hβ diagnos-
tic diagram for the nuclear spectra of 6 LIRGs. The black
lines show the empirical separation between H II, AGN, and
composite galaxies of Kewley et al. (2006).
B.2. This does not affect the H II activity classification of
this galaxy (see Fig. B.2).
Table B.1. Observed optical emission line ratios and clas-
sification
Galaxy Name [N II]/Hα [O III]/Hβ Class.
NGC2369 0.58 1.00 composite
ESO320-G030 0.48 0.20 H II
IC4280 0.41 <0.40 H II
ESO221-IG010 0.50 0.28 H II
NGC5734 0.59 1.10 composite
NGC5743 0.43 0.35 H II
IC4518E 0.57 · · · · · ·
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